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Abstract 
With the development of industry in China, production and use of dangerous chemicals gradually increased, and as a result leakage 
accidents caused by that happen more and more frequently. In the field of refrigerants in air conditioner, because of the destruction to the 
environment from freon(CFC), people are looking for new refrigerants which can replace the freon. And difluoromethane (HFC-32) does 
no harm to the ozone layer, making it a good substitute. But it’s still not widely used. One of the reasons is that difluoromethane is 
flammable, and its detection technology indoors is not mature. In this study, based on computational fluid dynamics theory and the CFD 
software FLUENT, the process of leakage of difluoromethane was simulated to study the law of HFC-32 diffusion. And then in a same 
proportion of entity room experiments were carried out to corroborate the results. From both simulation and experimental results above, 
we can see that when the leakage point is lower (cabinet air conditioners scene), the difluoromethane cannot easily diffuse to higher 
places. It will subside to the ground soon and diffuse from the leakage point, and then making it as the centre, spread from the near to the 
distant. And in the leakage process, the concentration near the leakage point is higher than that in other areas in the same plane. But when 
the leakage point is located higher (wall-mounted air conditioners scene), there is an obvious effect of sedimentation, in some areas there 
will be the lowest concentration value at intermediate height. And because of the impact of the initial velocity, the concentration in places 
closest to the leakage point is not higher than that of the surrounding in the same z plane that is lower than the leakage point.  
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Introduction 
Provisions of the Montreal Protocol banned the production of CFC refrigerants at the end of 1995, such as CFC-11, CFC-
12 and so on. So far, almost all kinds of banned CFC refrigerants have found more appropriate alternatives [1]. In 1992, in 
Copenhagen, Montreal Protocol was amended formally proposing disabled schedule of HCFC substances which contain 
chlorine atoms and still have damaging effects on the ozone layer. HCFC-22, as a kind of HCFC-based material, is mainly 
as a refrigerant, which has a high energy efficiency, cold production capacity, and excellent thermal and safety properties 
thus widely used in various high, medium and low temperature refrigeration and air conditioning field and in some cases 
being used to replace CFC refrigerant. However, HCFC-22 still contains a chlorine atom, and because of its ozone-depleting 
potential value of 0.055, it was banned to use[2]. So its alternative refrigerants should be zero ODP values, which means that 
alternative refrigerant does not contain chlorine atoms. Therefore, to find an alternative to HCFC-22 refrigerant is 
particularly difficult and some scholars have proposed to replace the use of HCFC-22 with natural refrigerants, such as 
ammonia, carbon dioxide and some hydrocarbons (such as propane, etc.), and carried out some research and experiments. 
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These substances have no chlorine atom, and their ODP is zero, but to promote their application, the toxicity or 
flammability of them must be solved. And the performance of refrigeration system also needs to be researched and tested.  
 European and American scholars from various countries as well as major companies have put forward HFC substances 
with no chlorine atoms as a substitute for HCFC-22 refrigerant. Of them, HFC-32 is very potential and a number of relevant 
studies and experimental results have been published. HFC-32 thermal physical properties are hot issues of thermal 
properties of the HFC-22 alternatives in recent years, and there are a lot of literatures which report experimental results 
about the thermodynamic properties of HFC-32, covering a vast area with the triple point temperature raging form 136.74K 
to 480K and pressure from 0.02 MPa to 35MPa[2-9]. However, due to the flammability and limited understanding of its 
dispersion characteristics, the marketing of HFC-32 is limited [2]. So it is crucial to study the diffusion characteristics of 
HCFC-22, laying a foundation for future HFC-22 leak detection. But nowadays there is few literature on the leakage of 
HFC-32 [10,11]. 
  The study on mathematical models of gas diffusion began in the 1950s and 1960s, and after decades of development, 
hundreds of mathematical models have been developed. These mathematical models have different theoretical and 
experimental base and are aimed at different application conditions. In the field of dangerous gas diffusion model, the most 
used models include the following: empirical model, Gaussian model, box model, shallow model [10]. 
   And since the 1970s, with the proliferation of computers and their computing capacity continuing to increase, together 
with the development of approximate calculation methods, such as Finite Element Method(FEM), Finite Difference 
Method(FDM), Finite Volume Method(FVM), computational fluid dynamics (CFD) based on numerical methods has been 
in vigorous development. Through the establishment of various conditions of the basic conservation equations (including 
mass, momentum, energy, and components, etc.), combined with some initial and boundary conditions coupled with 
numerical theory and methods, CFD can forecast the distribution of various fields in real process, such as the flow field, 
temperature field, concentration field, thus to achieve a detailed description of the diffusion process. 
   In this study, based on computational fluid dynamics theory and the CFD software FLUENT, the process of leakage of 
difluoromethane was simulated to study the law of HFC-32 diffusion. And then in a same proportion of entity room 
experiments were carried out to corroborate the results.  
2. Numerical simulation methods of difluoromethane diffusion process 
Fluent is a popular commercial CFD software, which has a wealth of physical models, advanced numerical methods and 
powerful pre-processing and post-processing functions and can be used in many areas and industries related to fluids, heat 
transfer and chemical reactions such as in the aerospace, automotive design, oil and gas, turbine design and other aspects.  
2.1. Control differential equations 
Hazardous gas leakage and diffusion processes are dominated by physical conservation laws, including the law of 
conservation of mass, conservation of momentum, conservation of energy and species conservation. In computational fluid 
dynamics, the control equation is the mathematical description of these conservation laws. In related four basic control 
equations, each dependent variable varies, but they reflect the conserved nature of the physical quantity per unit volume per 
unit time. If we use K  to represent a generalized variable, the governing equations can be expressed as the following 
general form 
( ) ( ) ( )div u div grad S
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In this equation, K  is the common variable, which can represent the u, v, w, t variable; " is the generalized diffusion 
coefficient; S is the generalized sources. Each entry in the formula from left to right respectively are transient term, 
convection term, diffusion term and source term. 
Turbulence equations 
Standard k  model was presented by Launder and Spalding in 1972 [11,12]. In this model, k represents the turbulent 
kinetic energy, andF represents the turbulent dissipation rate and is defined as: 
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Turbulent viscosity tN can be expressed as a function of k and F : 
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Wherein C  is an empirical constant. 
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In standard model in the, k andF is two an unknown quantity, the corresponding transport equations are as follows: 
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Wherein, Gk is the generation term of turbulent kinetic energy k caused by mean velocity gradient, Gb is the generation 
term of turbulent kinetic energy k caused by buoyancy, YM is the contribution of fluctuating expansion in compressible 
turbulence, 1 2 3, ,C C C  are empirical constants, kT  and gT are the corresponding Prandtl number of turbulent kinetic energy 
k and dissipation rate F , Sk and Sc are user-defined source terms. 
Gk is calculated as: 
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Wherein, Pri is the turbulent Prandtl number, which is the value 0.85 herein, gi is the gravitational acceleration component 
in the i direction, C  is the thermal expansion coefficient, which is defined as: 
1
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YM is the contribution of fluctuating expansion in compressible turbulence and for compressible fluids, the calculation 
formula is: 
22M tY M
                                                                                       (8) 
Wherein Mt is Turbulent Mach number and  
2/tM k a
                                                                                         (9) 
In standard k   modelˈconstant 1 2 3, , , ,kC C C T T values are as follows: 
1 2 31.44, 1.92, 0.09, 1.0, 1.3kC C C        
 
3C
 is a coefficient associated with the buoyancy in the calculation of compressible fluid flow and when the direction of 
gravity and the main flow direction parallel, 3C  = 0 and when the main flow direction perpendicular to the direction of 
gravity, 3C  = 1.When using k   model to solve dangerous gas diffusion problems, equations include continuity equation, 
momentum equation, energy equation, component equation, k equation, F  equation, and turbulent viscosity equation. 
2.2. Difluoromethane leakage numerical modeling 
Difluoromethane is a gas at room temperature, under certain pressure it is a colourless transparent liquid, which is soluble 
in oil, insoluble in water and mainly replace HCFC-22, used as a compound for moderate and low temperature mixed 
refrigerant. And its basic thermal properties are as in the following table: 
Table 1. Basic thermal properties of HFC-32 
Thermal physical parameters Value 
Boiling point (101.13 Kpa˅  -51.7 ć 
Critical pressure 5808 Kpa 
Vapor pressure (25 ć)  1702 Kpa 
Specific heat (liquid, 25 ć)  2.35 KJ/(Kg·ć) 
Ozone Depletion Potential (ODP) value 0 
Critical temperature 78.25 ć 
Critical density 430 Kg/m3 
Vaporization heat under BP 390.5KJ/Kg 
Solubility in water (25 ć)  440% (by weight) 
Global Warming Potential (GWP) value 0.11 
A Space of 360 cm×440 cm×260 cm (almost an ordinary bedroom) has been set and there are two kinds of leakage 
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scenes in which the coordinates of the leakage points are (0.2 m, 3.95 m, 2.15 m) and (0.2m, 3.95 m, 0.3 m), corresponding 
to wall-mounted air leakage scene and cabinet air leakage scene and there is a round air vent with a diameter of 20 cm and 
the centre coordinate (360 cm, 418 cm, 67 cm). And the meshing accuracy is 10 cm. The initial and boundary conditions are 
set as follows: ambient temperature is 288 K; the pressure is standard atmospheric pressure; walls are the ideal boundary; 
gravity is set as g (z) =-9.8 m/s2;at the entrance is difluoromethane gas, with a temperature of 288 K, density of 2.196 kg/m3, 
flow rate of 15 kg/h, velocity of flow rate of 0.5 m/s, turbulent kinetic energy of k=0.0014 m2/s2, turbulent dissipation rate 
of ε = 0.00015 m2/s2 . 
   Energy equation has been taken into consideration and the viscosity model is k-ε double equation model And SIMPLE 
algorithm has been adapted for numerical simulation. 
3. Results of numerical simulation  
3.1. Leak mouth height z = 215 cm (wall-mounted air leakage) 
We study two different kinds of leakage situation: wall-mounted air leakage and cabinet air leakage, and in the first scene, 
the coordinate of the leakage point is (0.2m, 3.95m, 0.3m) and it has its dispersion characteristics. And the difluoromethane 
concentration nephogram in the x plane (x=50 cm, 180 cm and 310 cm), y plane (y=100cm, 240cm, 380cm and 395cm) and 
z plane (z=50cm, 130cm, 210cm and 215cm) at different time (T=30s, 5 min and 30 min) are respectively shown as in 
figure 1, figure 2 and figure 3. 
  
From figure 1(a), we can see there is a significant phenomenon of subsidence from an early time (30 s), the difluoromethane 
concentration near the ground at the bottom of the drain port is higher than that at 0.5 m high, subject to the effect of gravity. 
In addition, as the effect of turbulence, peak concentration occurs near the wall which is away from leakage point. 
Figure 1(b) shows after a period of time, leaked gas mainly appears in the area below 2m and the peak concentration still  
occurs near the wall which is away from leakage point. 
 Figure 1(c) shows that after a long time, the difluoromethane concentration in the entire surface has significantly 
increased and concentration almost has negative correlation with height in the surrounding areas of the leakage point, while 
the area above the height of 1.8 m has very low concentration, which shows a significant sedimentation effect. 
In figure 1(d), we can see that at an early time in the x=180 cm plane which is far away from the leak point to a certain 
extent, only in those area close to ground there exists some change, while other area almost stays the same, which may can 
be explained by the effect of gravity. And after a period of time, as shown in figure 1(e), as the effect of turbulence, there is 
a significant peak concentration below 1m near the wall where Y=0. The concentration decreases between 1 m and 2 m with 
the height growing. Figure 1(f) shows that after a long time, the concentration distribution which is nearly only relevant 
(a) x = 50 cm, T=30 s         (b) x=50 cm,T=5 min          (c) x=50 cm,T=30 min 
Fig.1. Difluoromethane concentration nephograms in the x plane at different time. 
(d) x =180 cm, T= 30s    (e) x=180 cm,T=5 min         (f) x=180 cm,T=30 min     
(g) x = 310 cm, T=30s       (h) x=310 cm,T=5 min          (i) x=310 cm,T=30 min   
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with the height is relatively steady and almost no leakage gas exists above the height of 1.8 m.  
 
In the x=310cm plane, as shown in Figure 1(g), some change in concentration takes place only in areas close to ground 
from the very beginning, with other area almost staying the same, just like in figure 1(d). But we can see from figure 1(h) 
that after some time, the effect of turbulence in this plane becomes very apparent between Y=0 and Y=1 m, and as the 
difluoromethane spreads to the left wall (Y=0) and diffuses along the plane, a fault appears at the lower place in the figure. 
Figure 1(i) shows that after a long time, the concentration distribution is relatively steady but concentration of the 
difluoromethane at the same height will decrease with the Y coordinate value changing from 0 to 4 m. From figure 2(a), 
figure 2(b) and figure 2(c) we can see that after 30s, in the plane y=100 cm, the concentration is almost zero and 
concentration takes place only in the areas near the leakage point. And after 5 minutes, at the height under 1.8m, the 
concentration almost has a negative correlation with height and there is a peak concentration at x=3.6 m as a consequence of 
momentum effect of the gas. After 30 minutes, the concentration dispersion becomes steady except for some weak 
fluctuations and the negative correlation between height and the concentration remains. 
And figure 2(d), figure 2(e) and figure 2(f) show that in the plane y=240 cm, there is already some difluoromethane 
close to the ground and a concentration peak appears near the wall far away from the leakage point at 30s after the leakage 
begins. And after 5 minutes, the level of the concentration is higher with the negative correlation between height and the 
concentration appearing in high area and the peak concentration formed near the wall far from the leakage point under 1 m. 
After 30 minutes, as shown in figure 2(f), the concentration nephogram is similar to that of figure 2(b) to some extent, 
which is also in a steady status. From figure 2(g), figure 2(h) and figure 2(i), we can easily see that with a closer distance 
between the plane y=380 cm and the leakage point with y=395 cm, the sedimentation effect is more apparent. At first, the 
concentration near the ground is higher than that at 0.5 m resulting from gravity and a concentration peak appears near the 
wall far away from the leakage point as a consequence of turbulence. After a period time, with the turbulence effect 
becoming more and more obvious after it crashes the wall, a peak concentration is formed at the far wall and there is hardly 
any difluoromethane above 1.9 m. After a relatively long time (t=30 min), in areas at the same height difluoromethane 
almost has the same concentration except that in the vertical direction of the leakage concentration is higher than that the 
surrounding and concentrations located approximately 1.2 m high have weak decreasing with the increasing of x, which is 
mainly affected by the air vent. 
(a) y=100 cm, T=30 s        (b) y=100 cm,T=5 min          (c) y=100 cm,T=30 min 
Fig. 2. Difluoromethane concentration nephograms in the y plane at different time. 
(d) y =240 cm, T=30 s        (e) y =240 cm,T=5 min            (f) y =240 cm,T=30 min   
(g) y =380 cm, T=30 s        (h) y =380 cm,T=5 min          (i) y =380 cm,T=30 min   
(j) y =395 cm, T=30 s        (k) y =395 cm,T=5 min             (l) y =395 cm,T=30 min   
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Plane y=395 cm is a plane which contains the leakage point and in this plane difluoromethane concentration 
nephograms ,as is shown in figure 2(j), figure 2(k) and figure 2(l), are similar to those in the plane y=380 cm, while the 
effect of gravity, effect of sedimentation, effect of turbulence and effect of vent become more evident. 
  Figure 3 is the difluoromethane concentration nephogram in the z plane at different time. In the plane z=50 cm, after 30 
s, the difluoromethane almost only exists in the area near the leakage point and after 5 minutes, the gas starts to spread from 
three corners except the far corner, mainly because that the gas first reaches these three corners, and as an effect of 
turbulence, the concentration in these three corners is the peak and rises faster compared to other area at the same height. 
After 30 minutes, in addition to the leak mouth with a larger concentration by sedimentation, the plane z=50 cm has 
basically the same concentration. And in the plane z=130 cm, the early status is similar to that early in the plane z=50 cm 
and only the areas near the leak mouth have the higher concentration. But after 30 minutes, as in figure 1 (i), 
difluoromethane at the leak mouth and in the far corner has higher concentration than the surrounding and starts to spread. 
Preliminary judgment is that the former phenomenon is a result of sediment and the latter is the consequence of turbulence 
effect because compared to the other two corners, the gas has greater momentum when crashing.  
In the plane z= 210 cm (near the leakage point) and z=215cm (at the height of leakage point), we can see from figure 3(g) 
to figure 3(l) that in these high plane, there is almost no concentration except near the leakage mouth, which mainly results 
from the effect of sedimentation and the existence of air vent that is much lower than these two plane. 
3.2.  Leak mouth height z = 30cm (cabinet air leakage) 
In this scene, the coordinate of the leakage point is (0.2 m, 3.95 m, 0.3 m) and it has its dispersion characteristics. And the 
difluoromethane concentration nephogram in the x plane (x=50 cm, 180 cm and 310 cm), y plane (y=100 cm, 240 cm, 380 
cm and 395 cm) and z plane (z=30 cm, 50 cm, 130 cm and 210 cm) at different time (T=30 s, 5 min and 30 min) are 
respectively shown as in figure 4, figure 5 and figure 6. 
From figure 4(a), we can see at an early time (30 s) in the x=50 cm plane there is an obvious change in the 
difluoromethane concentration near the ground and the concentration basically shows the trend that the farther away from  
(a)z=50 cm, T=30 s          (b) z=50 cm,T=5 min              (c) z=50 cm,T=30 min 
      
Fig.3. Difluoromethane concentration nephograms in the z plane at different time . 
(d) z =130 cm, T=30 s         (e) z =130 cm,T=5 min       (f) z =130 cm,T=30 min   
(g) z =210 cm, T=30 s        (h) z =210 cm, T=5 min        (i) z =210 cm, T=30 
min   
(j) z =215 cm, T=30 s      (k) z =215 cm,T=5 min          (l) z =215 cm, T=30 min   
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the leakage point, the lower the concentration is. And after 5 minutes, the level of the concentration is higher with the 
negative correlation between height and the concentration appearing in high area, and the concentration under 0.5 m is 
(a) y=100 cm, T=30 s               (b) y=100 cm,T=5 min      (c) y=100 cm,T=30 min 
 Fig.5. Difluoromethane concentration nephograms in the y plane at different time. 
(d) y =240 cm, T=30 s           (e) y =240 cm,T=5 min          (f) y =240 cm,T=30 min   
(g) y =380 cm, T=30 s            (h) y =380 cm, T=5 min       (i) y =380 cm, T=30 min   
(j) y =395 cm, T=30 s         (k) y =395 cm,T=5 min           (l) y =395 cm,T=30 min   
(a) x = 50 cm, T=30 s         (b) x=50 cm,T=5 min                (c) x=50 cm,T=30 min 
Fig.4. Difluoromethane concentration nephograms in the x plane at different time. 
(d) x = 180cm, T=30 s       (e) x=180cm,T=5 min              (f) x=180cm,T=30 min   
(g) x = 310 cm, T=30 s   (h) x=310 cm,T=5 min         (i) x=310 cm,T=30 min   
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negative correlated to the distance to the leak point. And difluoromethane almost doesn’t exist above 1.1 m high. After 30 
minutes, as shown in figure 4(c), the concentration nephogram is similar to that of figure 2(b) to some extent, which is also 
in a steady status and almost no leakage gas exists above the height of 1.6 m which is affected by the air vent. 
 
Figure 6 included the difluoromethane concentration nephograms in the z plane at different time. In the plane z=35 cm 
which is the height of leakage point, after 30 s the difluoromethane almost does not only exists near the leakage point 
concentration but also in the upper right corner which indicates that the gas reaches the upper right corner and then rises as 
the effect of turbulence. After 5 minutes, affected by sedimentation, the concentration in this plane is almost at the same 
level. After 30 minutes, in the plane z=35 cm there is an obvious change in the difluoromethane concentration near the 
ground and the concentration basically shows the trend that the farther away from the leakage point, the lower the 
concentration is. In the plane z=50cm there is no changes in concentration after 30 s, for the plane is higher than the leakage 
point. But after some time, as the gas begins to take place in the plane, concentration is relatively uniform but the 
concentration near the leakage point is lower because after difluoromethane crashes the wall the concentration will rise near 
the corner as the effect of turbulence. After 30 minutes, the concentration in this plane is almost at the same level. In the 
plane z=130 cm, there is almost no difluoromethane existing at the early time, as shown in figure 6(g) and figure 6(h), but 
after some time, as in figure 6(i), the concentration becomes higher but the concentration in this plane is almost at the same 
level, for it is far away from the air vent and leakage point. In the plane z=210 cm, almost no difluoromethane exist in 30 
minutes. We can see that both in wall-mounted or in cabinet air leakage scene, there will be a very significant sedimentation, 
resulting in that difluoromethane rarely exists in places higher than both the leakage point and the air vent.  
When the leakage point is lower (cabinet air conditioners), the difluoromethane will diffuse from the leakage point, and 
then making it as the centre, spread from the near to the distant. And when at the same time, the concentration near the 
leakage point is higher. But when the leakage point is located higher (wall-mounted air), there is an obvious effect of 
sedimentation, in some areas there will be the lowest concentration value at intermediate height. And because of the impact 
of the initial velocity, the concentration in places closest to the leakage point is not higher than that of the surrounding in the 
same z plane lower than the leakage point.  On the other hand, in these two simulation conditions, after the difluoromethane 
(d) z=50 cm, T=30 s               (e) z=50 cm, T=5 min             (f) z=50 cm, T=30 min 
      
Fig.6. Difluoromethane concentration nephograms in the z plane at different time. 
(g) z =130 cm, T=30s          (h) z =130 cm, T=5min             (i) z =130 cm,T=30 min   
(j) z =210 cm, T=30 s      (k) z =210 cm,T=5 min            (l) z =210 cm,T=30 min 
(a) z =30 cm, T=30 s            (b) z =30 cm, T=5min             (c) z =30 cm, T=30 min   
42   Yu-nong Li et al. /  Procedia Engineering  71 ( 2014 )  34 – 43 
reaches the far wall, a peak concentration at the same height will soon appear near the wall under the effect of turbulence. 
4. Difluoromethane leaking experiments and results 
4.1.  Experiment setup 
To simulate leaks of wall-mounted air conditioner and cabinet conditioner, difluoromethane leak points were set both 
high and low near the walls of a rectangular room whose space is 360 cmh440 cmh260 cm (a typical ordinary bedroom) 
and the coordinates of the leakage points are (0.2m, 3.95 m, 2.15 m) and (0.2 m, 3.95 m, 0.3 m), corresponding to wall-
mounted air leakage scene and cabinet air leakage scene, and a round air vent with a diameter of 20 cm and the center at 
(360 cm, 418 cm, 67 cm) is set on another wall. While a plurality of difluoromethane concentration sensors were set at 
different heights to detect difluoromethane concentration in the room, and the coordinates of the difluoromethane 
concentration sensors are (50, 380, 45), (180, 380, 50), (180, 380, 130), (180, 380, 208). The sensors used in the test are 
QD6310 point infrared gas detector, the products of Zhengzhou Weinuo Electronic Co., Ltd.  
4.2.  Results 
1. Leak mouth height z = 30cm (cabinet air leakage) 
Concentration changes with time in the process of leak and subside is shown in Figure 7 and figure 8. At T = 2076 s, the 
leak stops. And the total weight of leaked R32 is 7 kg. The three probe points’ coordinates are set near the leak point with 
the same x, y but different z which represents the height. Concentration at the lowest point is linearly related with time, and 
reaches a stable concentration near 100% in about 25 min. Concentration at the height of 1.3m has a slight growth; The 
concentration at the top basically has no change. 
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Fig.7. Concentration of difluoromethane changes at (180ˈ380ˈz) .            Fig. 8. Concentration of difluoromethane changes at (x, 380, 50). 
The two detection points, with same y and z, but different x, are close to the plane x=395 cm which contains leakage 
point. It is shown in Fig. 8 that the concentrations at these two points are basically the same and have a linear correlation 
with time. But at about 25 minutes, concentration at the point closer to the leak point reaches a higher peak. 
2.  Leak mouth height z = 215 cm (wall-mounted air conditioner leakage) 
 Concentration changing with time in the process of leakage and sedimentation is shown in Fig.9. At T= 2088 s, the leak 
stops. And the total weight of leaked R32 is 8 kg. The three probe points are set with coordinates of the same x and y, but 
different height near the leak point. Concentration at the lowest point is linearly related with time, and reaches a stable 
concentration near 100% in about 25 min. In the process of leakage, concentration of the high point is always the highest, 
but the concentration of lower point is higher than the concentration at height 1.3 m, which is affected by subsidence, three 
concentrations have a linear correlation with the time. 
In Fig. 10 the two detection points with same y and z, but different x, are close to the plane x=395cm which contains 
leakage point. In the process of leakage, the sensors show that concentration farther away from the leakage point is higher 
than that near the leakage point, as an effect of initial velocity and momentum.  
3.  Comparison between numerical and experimental results 
The simulation and the experiments all have similar leakage situation including the same room size, the same 
coordinates of leakage points and similar boundary condition and initial condition and so on. But the simulation setup is 
based on modelling and simplification of the real situation, which is relatively more ideal, and the leakage process may be 
affected by other kinds of facts such as the changes of temperature and pressure which we haven’t taken into consideration 
temporally. The simulation mainly focuses on the plane and the overall leakage results, but the experiments mainly study 
certain concentration at some points using sensors. But they both shows some rules in common: the concentration over the 
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leakage points almost keep at a low level and doesn’t change as time goes by, but the concentration under or near the 
leakage points goes up in the leakage process. And when the leakage point is at a high place, when with the same height, 
concentration farther away from the leakage point is higher than that near the leakage point, as an effect of initial velocity 
and momentum and although concentration near the leakage points is always the highest, but the concentration at 0.5m is 
higher than the concentration at height 1.3 m, which is affected by subsidence. 
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Figure 9. Concentration of difluoromethane changes at (180ˈ380ˈz) .                 Figure 10. Concentration of difluoromethane changes at (x, 380, 50). 
5. Conclusion 
 From both simulation and experimental results above, we can see that when the leakage point is lower (cabinet air 
conditioners scene), the difluoromethane cannot easily diffuse to higher places. It will subside to the ground soon and 
diffuse from the leakage point, and then making it as the centre, spread from the near to the distant. And in the leakage 
process, the concentration near the leakage point is higher than that in other areas in the same plane. But when the leakage 
point is located higher (wall-mounted air conditioners scene), there is an obvious effect of sedimentation, in some areas 
there will be the lowest concentration value at intermediate height. And because of the impact of the initial velocity, the 
concentration in places closest to the leakage point is not higher than that of the surrounding in the same z plane that is 
lower than the leakage point.  
In domestic/commercial air conditioners HFC-32 is a harmonious refrigerants balancing many aspects of the 
requirement, such as emission reduction, energy saving, safety, good market potential and refrigerant transition, becoming a 
promising long-term alternative refrigerant of HFC-22. Although the relevant standards of its application has just started, we 
hope that the relevant government departments and research institutions can further promote its development, making HFC-
32 widely used in the air conditioning in the near future. 
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